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O
VER

VIEW

�
N

E
E

T A
M

M
 P

roject started in O
ctober 2018

–
3 years duration

�
D

evelop pulsed therm
al tom

ography (P
TT) for in-service non-destructive 

exam
ination (N

D
E

) of A
M

 m
etallic com

ponents
�

P
roject centered at A

N
L w

ith M
IT R

eactor and W
estinghouse collaborators

4

D
evelopm

ent
Validation

Specim
ens

A
N

L
M

IT
R

eactor
W

estinghouse
M

IT 
G

P
I Industries



O
B

JEC
TIVES

�
D

evelop low
-cost pulsed therm

al tom
ography (P

TT) system
 for 

in-service N
D

E
 of A

M
 stainless steel and Inconel m

aterials and 
com

ponents
–

Transition from
 laboratory system

 based on high-end 
cam

era to low
-cost system

 based on com
pact cam

era
–

C
om

pact IR
 cam

era is less expensive alternative to 
im

aging IR
 fiber bundle

�
Validation studies to be perform

ed at M
IT R

eactor
–

D
esign new

 P
TT system

 subject to spatial constraint of 
M

ITR
–

D
em

onstrate perform
ance at M

ITR
 5



A
PPR

O
A

C
H

�
A

pply a pulse of therm
al energy to surface w

ith flash lam
p

–
B

alcarA
S

Y
M

 6400 source delivers 6400J/2m
s

�
R

ecord surface tem
perature transients T(x,y,t) w

ith IR
 cam

era
–

FLIR
 S

C
 4000  IR

 cam
era 3-5μm

 w
ith 420fps 320x256 pixels array 

Principle of PTT operation
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E
xisting 

P
TT 
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A
PPR

O
A

C
H

Exam
ple: im

age flat bottom
 holes (indentations) in hastelloy

plate

7

S
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perature

Im
age from

 
flat side

P
attern of 

indentations



A
PPR

O
A

C
H

�
Internal therm

al resistance changes local surface tem
perature T(x,y,t) tim

e decay
�

R
elate tim

e t to depth z using established m
odel of heat diffusion in 1-D

–
e.g. for constant diffusivity

–
D

epth estim
ation requires know

ledge of diffusivity α
�

O
btain 3-D

 reconstruction (spatial and depth) of m
aterial effusivity

–
ρ is the density, c is the specific heat, k is the therm

al conductivity

Principle of PTT operation
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E
xam

ples of 3-D
 reconstruction of ceram

ic m
atrix com

posite plate w
ith holes (3) S

urface elevation plot and (b) Vertical slice 
of predicted depth m

ap.



A
PPR

O
A

C
H

�
N

on-contact
–

C
urrent laboratory system

 operates at standoff 
distance of one foot

�
O

ne sided m
easurem

ents
�

C
an be m

ade com
pact and low

-cost
–

LW
IR

 (7µm
 to 14µm

) sm
all form

 factor cam
eras are 

com
m

ercially available
�

Fast operation
–

Typical laboratory scans take ~10s
�

U
se A

N
L algorithm

 for 3-D
 effusivity

reconstruction 

Technical m
erits of PTT for in-service applications
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S

�
E

valuating capability in tom
ographic im

aging of 
stainless steel and Inconel m

etallic sam
ples

–
A

M
 W

estinghouse nozzle plate
–

Flat bottom
 hole stainless steel Inconel and 

hastelloy
plates

–
E

xplored data visualization options
�

D
esigning low

-cost com
pact system

 for in-service 
N

D
E

 
–

W
orking w

ith FLIR
 to identify technology options

–
C

oordinating w
ith M

ITR
 to develop system

 
requirem

ents

Sum
m

ary to-date
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�
Inconel 718 nozzle plate (8”x8”x3/4”) 

Im
aging of W

estinghouse A
M

 nozzle plate
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�
3-D

 reconstructions

W
estinghouse A

M
 Inconel 718 nozzle plate
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Thickness L=17m
m

Test duration  ttest = 20.93s,
Therm

al diffusivity  α
= 6.25 m

m
2/s, 

O
ptical depth D

=
(**ttest ) 1/2= 20.3m

m
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�
3-D

 reconstructions

W
estinghouse A

M
 Inconel nozzle plate

14



FIN
D

IN
G

S

�
3-D

 reconstructions and data visualizations w
ith M

ATLA
B

Im
aging of W

estinghouse A
M

 IN
718 nozzle plate

15



FIN
D

IN
G

S
W

estinghouse A
M

 IN
718 nozzle plate 3-D

 im
aging w

ith Im
ageJ
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Im

aging of flat bottom
 holes (indentations) in SS316 and IN

718 plates
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Im
aging 

from
 flat 

side
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�
Im

aged area

Im
aging flat bottom

 holes in SS316 plate
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Thickness L=6.22m
m

 
Test duration ttest = 5.89s 
Estim

ated diffusivity 
= 3.72 m

m
2/s

Im
aging depth D

=
(**ttest ) 1/2 = 8.3m

m
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�
C

ross-section im
ages

Im
aging flat bottom

 holes in SS316 plate

19

P
lane S
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m

 deep)
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i=124

i=58
i=124

i=195
i=195

C
ross-section S

lices



FIN
D

IN
G

S

�
Im

aged area

Im
aging flat bottom

 holes SS316 plate
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Im

aging flat bottom
 holes in SS316 plate
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P
lane S
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m

 deep)
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i=108

i=58
i=108

i=158
i=158

Front 
surface

B
ack 

surface
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�
Im

aged area

Im
aging flat bottom

 holes SS316 plate
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�
Filled holes in N

i200 plate w
ith N

i200 50µm
 pow

der to sim
ulate porosity

Prelim
inary evaluation of porosity detection w

ith PTT
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�
3-D

 reconstruction qualitative results

Im
aging of N

i200 plate w
ith flat bottom

 holes filled w
ith N

i pow
der
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PLA
N

S FO
R

 FY19

�
E

valuate P
TT system

 perform
ance in detection of porosity regions

�
W

orking w
ith G

P
I to develop A

M
 stainless steel and Inconel specim

ens w
ith 

porosity inclusions

D
am

age detection calibration
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PLA
N

S FO
R

 FY19 

�
H

igh-end cam
eras 

–
100H

z to K
H

z fram
e rate

–
C

ooled photon counting detection

�
C

om
pact cam

eras ~2”x2”x4” and sm
aller

–
U

ncooled m
icrobolom

erdetector
–

Fram
e rate <60H

z

C
hallenges of PTT w

ith sm
all cam

eras
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�
C

om
parison of S

S
316 flat bottom

 holes reconstruction w
ith 200H

z and 60H
z 

scans 

Prelim
inary evaluation of PTT im

aging at low
 fram

e rate 
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S FO
R

 FY19

�
W

orking w
ith M

ITR
 to identify best 

penetration tunnels for validation 
experim

ents
–

Identify size lim
itations for 

com
pact therm

al cam
era

–
A

M
 parts w

ill be inserted into 
M

ITR
 for im

aging w
ith com

pact 
P

TT

D
esign in-service N

D
E system
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SU
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M
A

RY

�
D

em
onstrated capability of tom

ographic im
aging of stainless steel and Inconel 

specim
ens

–
W

estinghouse A
M

 nozzle plate
–

Flat bottom
 hole stainless steel and Inconel plates

–
P

lan to subm
it prelim

inary results to Q
N

D
E and A

S
M

E
 conferences

�
P

lan to developm
ent of low

-cost system
 for N

D
E

–
E

valuation studies w
ill be conducted w

ith com
pact therm

al cam
era

–
C

oordinating validation studies w
ith M

IT N
uclear R

eactor
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ER
 

�
D

eliver low
-cost system

 for in-service N
D

E
 of reactor com

ponents
–

D
em

onstrate perform
ance in research reactor environm

ent 
�

P
lan to discuss A

S
M

E
 codes at relevant m

eetings
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